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AIMS
Data available on the fetal safety of trimethoprim–sulfamethoxazole (TMP-SMX) exposure during pregnancy remains scarce and
inconclusive. A previous study assessing the link between TMP-SMX exposure during pregnancy and the risk of spontaneous
abortion (SA) did not control for protopathic bias and indication bias.

METHODS
We conducted a nested control study (n = 77 429 pregnancies including 7039 cases of SA and 70 390 controls) within the Quebec
Pregnancy Cohort. For each case of SA, we selected 10 controls at the index date that were matched on gestational age and year
of pregnancy. TMP-SMX exposure was defined as either having filled at least one prescription between the first day of gestation
(1DG) and the index date, or as having filled a prescription before pregnancy but with a duration overlapping the 1DG (102
pregnancies exposed to TMP-SMX, including 25 cases of SA and 77 controls).

RESULTS
Adjusting for potential confounders, TMP-SMX exposure was associated with an increased risk of SA (AOR 2.94, 95% C
1.89–4.57, 25 exposed cases). Similar results were found after controlling for indication bias and protopathic bias.

CONCLUSION
Given that this drug is widely use in HIV patients to prevent opportunistic infections and malaria, there is an urgent need to
identify potential data sources in Africa for analysis of early pregnancy exposure to TMP-SMX.

WHAT IS ALREADY KNOWN ABOUT THIS SUBJECT
• Data available on the fetal safety of TMP-SMX exposure during pregnancy remains scarce and inconclusive.
• To date, only one study evaluated the association between the use of TMP-SMX during pregnancy and the risk of sponta-
neous abortion (SA) as a primary outcome, in Denmark.

• Findings from research should be interpreted with caution given that indication bias and protopathic bias could not be
ruled out.
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WHAT THIS STUDY ADDS
• TMP-SMX exposure was associated with an increased risk of SA.
• Similar results were found even after controlling for indication bias and protopathic bias.
• Given that TMP-SMX is also widely use to prevent opportunistic infections in HIV patients andmalaria during pregnancy,
there is an urgent need to replicate this finding in regions where these diseases are prevalent.

Introduction
Trimethoprim–sulfamethoxazole (TMP-SMX) is a combina-
tion of antibiotics prescribed to treat a vast range of
infections including urinary and lower respiratory tract infec-
tions [1]. In HIV- infected patients, it has been shown to be
effective at preventing opportunistic infections such as
Pneumocystis pneumonia [1]. Despite evidence regarding po-
tential associations between folate deficiencies and neural
tube defects and other congenital anomalies [2], guidelines
related to the use of TMP-SMX among pregnant HIV-infected
women remains controversial.

The World Health Organization (WHO) recommends the
use of TMP-SMX for prophylaxis against opportunistic infec-
tions at any stage of pregnancy in eligible women living with
HIV [3].

Conversely, guidelines for the management of
Pneumocystis pneumonia in women in their first trimester
in the US recommends the use of TMP-SMX for the treat-
ment of this opportunistic infection because of its consid-
erable benefit. However, given theoretical concerns about
possible teratogenicity associated with first-trimester TMP-
SMX exposure, it suggests that for prophylaxis, health care
providers should consider using alternative regimens such
as aerosolized pentamidine or oral atovaquone during this
period [4].

Current evidence suggests that daily TMP-SMX use in
pregnancy may be as effective as intermittent preventive
therapy with three doses of sulfadoxine-pyrimethamine
(SP-IPTp), which is the cornerstone for malaria control in
pregnancy. Indeed, several studies have shown that the two
drugs have a similar risk of preterm birth, stillbirth, neonatal
death and spontaneous abortions in infected HIV pregnant
women [5–7]. Another study has reported that daily TMP-
SMX use is associated with reduced malaria parasitaemia
and anaemia compared with SP-IPTp in infected HIV preg-
nant women [8]. This reduction was even greater when
TMP-SMX was added to another effective antimalarial [8, 9].
Recent data also suggest that this drug can be used for malaria
prophylaxis in children and non-pregnant HIV-infected, and
several trials are ongoing on malaria prevention during
pregnancy [1].

In Canada, TMP-SMX is among the first-line treatment of
uncomplicated urinary tract infection (UTI) which occurs
usually in women of childbearing age [10].

Data available on the fetal safety of TMP-SMX exposure
during pregnancy remains scarce and inconclusive. To date,
a median number of 39 women (interquartile range (IQR):
11–265 women, range: 5–7595 women) with evidence of in
utero exposure to TMP-SMX in the first trimester of pregnancy
have been reported in nine studies in the literature [11–19].
The main indication of use of TMP-SMX was urinary tract

infection (99.6%). All the studies were conducted in western
countries and the majority were of poor quality [2].

Of the 10 studies reported in the literature, only one study
evaluated the association between the use of TMP-SMX
during pregnancy (265 exposed pregnancies in the first
trimester) and the risk of spontaneous abortion (SA) as
primary outcome, in Denmark. Their findings suggested a
two- fold increased risk of SA (adjusted hazard ratio, 2.04;
95% CI 1.43–2.91); however, a confounding by indication
bias and protopathic bias could not be ruled out [13].

Therefore, we aimed to look at the link between TMP-SMX
exposure during pregnancy and the risk of SA controlling for
indication bias and protopathic bias.

Methods

Setting
Within the Quebec pregnancy cohort (QPC) [20] we con-
ducted a nested case–control study. The QPC is an ongoing
population-based cohort with prospective data collection
on all pregnancies of women covered by the Quebec Public
Prescription Drug Insurance, from January 1998 to December
2009, in the province of Quebec, Canada. Indeed, this cohort
includes information on all prescription a pregnant woman
covered by the Quebec Public Prescription Drug Insurance
received during her pregnancy and one year before this
period. The QPC is built by linking four administrative
databases: RAMQ (medical and pharmaceutical data), Med-
Echo (hospitalizations), ISQ (births/deaths), and MELS
(Ministry of Education data) using unique personal identi-
fiers [20]. For each pregnancy, information was obtained from
province-wide databases and linked using unique personal
identifiers. The first day of the last menstrual period
(first day of gestation: 1DG) was defined using data on gesta-
tional age, which was validated by patients charts and
vultrasound measures.

Women who were 15–45 years old on the first day of
gestation (1DG) and continuously covered by the RAMQdrug
plan for at least 12 months before and during their pregnan-
cies were included. We excluded pregnancies with exposure
to a known teratogen and planned abortion [21, 22].
Pregnancies with multiple exposure to antibiotics, or preg-
nancies exposed to antibiotics other than TMP-SMX or
penicillins, as well as pregnancies exposed to other anti-
infectives within the time window of interest, were also
excluded.

Outcome
Pregnant women who were 15–45 years old on the first
day of gestation (1DG) and continuously covered by the
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RAMQ drug plan for at least 12 months before and
during their pregnancies were included in our cohort.
The 1DG was the cohort entry. Within this cohort, we
identified each case of SA defined as a pregnancy with a
diagnosis or procedure related to SA before the 20th week
of gestation (ICD-9 codes 630–634 and ICD-10 codes
O01-O03).

Using a nested case–control approach, we randomly
selected control among pregnancies who did not have a spon-
taneous abortion at the index date (i.e., the calendar date of
each SA). Therefore, we selected 10 controls for each case of
SA at the index date (calendar date of SA) and matched them
by gestational age and year of pregnancy. Given that gesta-
tional age is a known risk factor for SA, matching on this
variable at the time of the event allows a control to have
similar risk of having SA to a case with regard to the duration
of gestation.

Given that a woman in early pregnancy can have an SA
that can bemistaken with a monthly bleeding, we considered
SA that occurred only between the 6th and 19th weeks of ges-
tation to minimize a misclassification of the outcome.

TMP-SMX exposure
We defined exposure to TMP-SMX as either having filled at
least one prescription between the 1DG and the index date,
or as having filled a prescription for TMP-SMX before preg-
nancy but with a duration that overlapped the first date of
gestation. We hypothesized that a pregnant woman who
received a prescription of TMP-SMX between the 1DG and
the index date (i.e., the calendar date of SA) would have taken
at least one pill of this antibiotic. In addition, a study compar-
ing the concordance between filling prescriptions in QPC and
maternal reports showed that the positive predictive value
(PPV) and negative predictive value (NPV) of antibiotics
prescription in the QPC were high (PPV = 86.7%, 95% CI
69.5%–100% and NPV = 92.3%, 95% CI 86.4%–98.2%,
respectively) [23].

We used two comparator groups: (1) an active treatment
comparator group defined as pregnancies with exposure
to penicillins (amoxicillin, phenoxy methyl penicillin,
amoxicillin–potassium clavulanate, ivampicillin, ampicillin
and cloxacillin sodium; and (2) a non-exposure category
defined as pregnancies with no exposure to antibiotics during
the time window of interest.

Covariates
We assessed potential confounders for three periods: (1) on
the 1DG: socio-demographic variables; (2) in the year before
and during pregnancy until index date using physician-based
diagnoses or filled prescriptions of related: maternal chronic
co-morbidities (depression, asthma, diabetes mellitus,
chronic hypertension, thyroid disorder, epilepsy, endometri-
osis, and rheumatoid polyarthritis and systemic lupus erythe-
matosus; maternal infections (urinary tract infection,
respiratory tract infection, bacterial vaginosis and sexually
transmitted infections); (3) in the year before pregnancy:
healthcare utilization and history of planned and spontane-
ous abortion.

Statistical analysis
We calculated crude and adjusted odds ratios (ORs) and 95%
confidence intervals (CIs) using the conditional generalized
estimation equation (GEE) to take into account the within-
subject correlation (correlation between risk sets). We also
conducted several sensitivity analyses.

(1) To account for protopathic bias, we used TMP-SMX
exposure between the 1DG until 15 days before index date.
(2) To control for indication bias (urinary tract infection is
the main indication of use of TMP-SMX in Quebec [24]), we
restricted our analysis to a cohort of pregnancies with UTI
(defined as pregnancies with at least one diagnosis of UTI
from the beginning of the pregnancy until index date).
(3) We assumed that risk sets were independent and per-
formed a conditional regression analysis. (4) Given that we
adjusted for many covariates that might be highly correlated,
we assessed the association between TMP-SMX and an
increased risk of SA adjusting only for well-established risk
factors that included maternal age [25–27], history of previ-
ous SA [27, 28] and endometriosis (a proxy of infertility)
[27, 29–33]. (5) To ensure that maternal chronic co-
morbidities were not mediators lying on the causal pathway
between prescription of TMP-SMX and SA, we conducted a
sensitivity analysis where maternal comorbidities were
assessed up to the beginning of pregnancy.

Results
We included 165 009 pregnancies that met the inclusion
criteria in our study, 7039 (4.2%) of whom had a clinically
detected SA. The mean gestational age at the index date
was 14.3 ± 2.8 weeks (median: 14 weeks; interquartile range:
12–17 weeks; range: 6–19 weeks). Women whose pregnancies
resulted in a SA were more likely to be older, to live alone
and to have a diagnosis of infections and comorbidities
(depression, asthma, epilepsy and hypertension) when com-
pared to 70 390 matched controls; they were also more likely
to use healthcare services during the year before pregnancy
(see Table 1 for full description of the baseline characteristics
of the study sample).

TMP-SMX exposure and risk of SA
After adjustment for potential confounders, we found that
TMP-SMX was associated with an increased risk of SA when
compared to no exposure to antibiotics (AOR 2.94, 95% CI
1.89–4.57, 25 exposed cases) (Table 2 and Figure 1). TMP-
SMX exposure was also linked to an increased risk of SA when
compared to penicillins (AOR 3.54, 95% CI 2.25–5.55, 25
exposed cases) (Table 2). Similar results were found with our
main analysis when we restricted our cohort to pregnancy
with a UTI diagnosis (AOR 9.19, 95% CI 4.31–19.56, 15
exposed cases) or when we looked at TMP-SMX exposure
from the 1DG until 15 days before the index date (AOR
2.99, 95% CI 1.86–4.80, 22 exposed cases) (Table 2). When
we assumed an independence between risk sets, results
obtained from a conditional regression analysis remain
similar to those produced with a GEE analysis (AOR 2.97,
95% CI 1.88–4.71, 25 exposed cases). When adjusting only
for well-established risk factors for SA, our result was also
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Table 1
Characteristics of study population

Characteristics Cases (n = 7039) Controls (n = 70390) Unadjusted OR P value*

Gestational age at index date (weeks); mean (SD)**

Socio-demographics status (n, %)
a

14.3 ± 2.8 14.3 ± 2.8 0.9904

Maternal age (years), mean (SD)** 28.9 ± 6.3 27.9 ± 5.6 <0.001

<18 (ref.) 104 (1.5) 1035 (1.5) 1.00

18–34 5415 (76.9) 59 612 (84.7) 1.10 (0.90–1.34)

>34 1520 (21.6) 9743 (13.8) 1.69 (1.59–1.80) <0.001

Urban residence (vs. rural residence) 5816 (82.6) 57 841 (82.1) 1.03 (0.97–1.10) 0.3431

Recipient of social assistance (vs. RAMQ adherent) 1765 (25.1) 17 648 (25.1) 1.00 (0.95–1.06) 0.9958

Education (≤12 years vs. >12 years) 2933 (41.7) 29 710 (42.2) 0.98 (0.93–1.03) 0.3818

Living alone (vs. couple) 1304 (18.5) 10 592 (15.1) 1.27 (1.20–1.36) <0.001

During year before until index date
b

(n, %)
a

Comorbidities

Depression
c

(yes vs. no) 1328 (18.9) 9702 (13.8) 1.42 (1.34–1.52) <0.001

Asthma
c

(yes vs. no) 987 (14.0) 8335 (11.8) 1.20 (1.12–1.29) <0.001

Diabetes mellitus
c

(yes vs. no) 128 (1.8) 1233 (1.8) 1.04 (0.87–1.24) 0.6844

Hypertension
c

(yes vs. no) 213 (3.0) 1779 (2.5) 1.20 (1.04–1.38) 0.0118

Thyroid disorders
c

(yes vs. no) 278 (4.0) 2581 (3.7) 1.08 (0.95–1.22) 0.2304

Urinary tract infection
d

(yes vs. no) 745 (10.6) 6838 (9.7) 1.10 (1.01–1.18) 0.0193

Respiratory tract infection
d

(yes vs. no) 2325 (33.0) 21 091 (30.0) 1.15 (1.09–1.21) <0.001

Sexually transmitted diseases
d

(yes vs. no) 259 (3.7) 2563 (3.6) 1.01 (0.89–1.15) 0.8699

Endometriosis
d

(yes vs. no) 72 (1.0) 441 (0.6) 1.53 (1.19–1.96) <0.001

Bacterial vaginosis
d

(yes vs. no) 578 (8.2) 5424 (7.7) 1.07 (0.98–1.17) 0.1303

Epilepsy
c

(yes vs. no) 142 (2.0) 881 (1.3) 1.60 (1.34–1.91) <0.001

Uterine malformations
d

(yes vs. no) 5 (<0.1) 29 (<0.1) 1.70 (0.67–4.27) 0.2546

In the year before the first day of gestation

Health care utilization (n, %)
a

Inpatient or emergency visit 2530 (35.9) 29 030 (32.6) 1.15 (1.09–1.20) <0.001

No. of visits to physicians

0 (ref.) 1900 (27.0) 20 976 (29.8) 1.00

1–2 1404 (20.0) 15 556 (22.1) 0.99 (0.93–1.06)

≥3 3735 (53.0) 33 858 (48.1) 1.20 (1.15–1.26) <0.001

Medications

Penicillins use (yes vs. no) 1369 (19.5) 12 824 (18.2) 1.07 (1.02–1.14) 0.0110

***TMP-SMX use (yes vs. no) 89 (1.3) 763 (1.1) 1.16 (0.94–1.44) 0.1665

Other drugs excluding anti-infective

0 (ref.) 2179 (31.0) 24 084 (34.2) 1.00

1–2 1597 (22.7) 16 134 (22.9) 1.09 (1.02–1.16)

≥3 3263 (46.3) 30 172 (42.9) 1.18 (1.12–1.25) <0.001

Obstetrics complications

History of prior SA**** (yes vs. no) 140 (2.0) 746 (1.1) 1.85 (1.55–2.21) <0.001

History of prior abortion (yes vs. no) 431 (6.1) 3128 (4.4) 1.38 (1.25–1.1) <0.001

(continues)
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similar to findings obtained from the main analysis (AOR
3.13, 95% CI 2.01–4.87, 25 exposed cases). When maternal
chronic co-morbidities were measured up to the beginning
of pregnancy, our results remain consistent with findings
obtained from the main analysis as well (AOR 2.91, 95% CI
1.87–4.53, 25 exposed cases).

Discussion
To our knowledge this is the first study to investigate the asso-
ciation between the use of TMP-SMX exposure and the risk of
SA after controlling for confounding by indication bias and
protopathic bias. Our study showed that TMP-SMX exposure
was associated with a 2.94-fold increased risk of SA when
compared to no exposure to antibiotics and with a 3.54-fold
increased risk of SA when compared to penicillins. These
results were consistent with a Danish study which showed a
two-fold increased risk of SA after TMP-SMX exposure during
the first trimester of pregnancy [13].

The Canadian Antimicrobial Resistance Surveillance
System reported that resistance of E. coli to TMP-SMX has
increased from 9% in 2004 to 16% in 2014 in Canada [34].
In Quebec, TMP-SMX is the first line treatment of urinary
tract infection in the general population along with β-
lactams (amoxicillin, cephalosporins), nitrofurantoin and
fluoroquinolones [24]. In the presence of asymptomatic
bacteriuria, acute cystitis in pregnancy, the recommended
antibiotics are amoxicillin, cephalexin, nitrofurantoin (after
36 weeks of gestation) and TMP-SMX (second and third
trimester of pregnancy) [35–38]. Given that we adjusted for
several known proxies of resistance of E. coli to TMP-SMX
(prior use of TMP-SMX as well as prior healthcare utilization)
[39, 40], we are confident that our results could not be fully
explained by indication bias. In addition, when we compared
pregnant women exposed to TMP-SMX to those exposed to
penicillin (level of resistance of E. coli to penicillin varied
between 10% and 32% from 2013 to 2014 in Quebec) [41],
the results were consistent with the main analysis. Therefore,

Table 1
(Continued)

Characteristics Cases (n = 7039) Controls (n = 70390) Unadjusted OR P value*

During pregnancy (n, %)
a

***TMP-SMX use
e,f (yes vs. no) 25 (0.4) 77 (0.1) 3.11 (2.01–4.81) <0.0001

Penicillins
f,g (yes vs. no) 427 (6.1) 4777 (6.8) 0.89 (0.81–0.99) <0.0001

*P-value calculated to compared cases of SA and controls using Pearson χ2 test for categorical variables and a t-test for continuous variables.
**SD, standard deviation; ***TMP-SMX, trimethoprim–sulfamethoxazole; ****SA, spontaneous abortion.
aUnless otherwise stated.
bIndex date = date of spontaneous abortion for cases and corresponding date for matched controls.
cBased on ICD-9 or ICD-10 codes or prescription filled for chronic diseases (hypertension, diabetes, asthma, depression, etc.).
dBased on ICD-9 or ICD-10 codes for urinary tract infections, respiratory tract infections, bacterial vaginosis, endometriosis, sexually transmitted
disease and uterine malformations.
eInclude pregnancies having filled at least one prescription for trimethoprim–sulfamethoxazole only between the start of pregnancy and the index
date.
fNo exposure to antibiotics.
gInclude pregnancies having filled at least one prescription for penicillins only between the start of pregnancy and the index date.

Table 2
TMP-SMX exposure in pregnancy and risk of SA, odd ratio (95% CI)

a

No. of cases Adjusted OR (95% CI)

Analyses

No use of antibiotics 6587 (93.5) 1.00

TMP-SMX 25 (0.4) 2.94 (1.89–4.57)

Active comparator groups

Penicillins 427 (6.1%) 1.00

TMP-SMX 25 (0.4%) 3.54 (2.25–5.55)

Women with UTI
b

Penicillins 32 (17.4%) 1.00

TMP-SMX 15 (8.2%) 9.19 (4.31–19.56)

Timing of TMP-SMX exposure in pregnancy
c

No use of antibiotics 6664 (94.7%) 1.00

TMP-SMX 22 (0.3%) 2.99 (1.86–4.80)

CI, confidence interval; OR, odds ratio.
aAdjusted for the following variables: maternal age on the 1DG,
maternal marital status (living alone or cohabiting), receipt of social
assistance during pregnancy, education level in years (≤12 or>12),
and area of residence on the 1DG (urban or rural); maternal chronic
co-morbidities assessed using physician-based diagnoses or filled
prescriptions of related medications in the year before and during
pregnancy until index date (chronic hypertension, depression, di-
abetes mellitus, asthma, epilepsy, uterine malformations,
polyarthritis rheumatoid and systemic lupus erythematosus, en-
dometriosis, thyroid disorders; Maternal infections assessed using
physician-based diagnoses in the year before and during preg-
nancy until index date (urinary tract infection, respiratory tract in-
fection, bacterial vaginosis, and sexually transmitted diseases); Use
of health services in the year before pregnancy; and history of
planned and spontaneous abortion.
bPregnancies with at least one diagnosis codes of UTI from the be-
ginning of pregnancy until the index date
cPregnancies exposed from the beginning of pregnancy until 15
days before index date.
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it is less likely that the resistance of E. coli to TMP-SMX fully
explains our results.

Our study also found in a cohort including pregnancies
with a diagnosis of UTI during pregnancy, TMP-SMX expo-
sure was associated with a nine-fold increased risk of SA
when compared to penicillin exposure. Given that we ad-
justed for hospital-based diagnosis of UTI as well, which is
a proxy for symptomatic and severe UTI, we are confident
that indication bias by severity would not fully explain
our results.

We also found an almost three-fold increased risk of SA
when TMP-SMX exposure was assessed from the 1DG until
15 days before the index date as compared to no exposure
to antibiotics during the same period.Whenwe adjusted only
for well-established risk factors for SA, our findings were
similar to our main analysis.

Trimethoprim is one of the TMP-SMX compounds that
may support the biological plausibility of these findings,
given its folate antagonist effect [42, 43]. Trimethoprim
crosses the placenta and may interfere with folate metabo-
lism in trophoblast cells by its inhibition of dihydrofolate
reductase (DHFR) that may result in SA due to the inhibition
of DNA synthesis [43].

Though TMP-SMX is among the first-line treatments of
UTI in the general population, its prevalence of use during
pregnancy was low in our cohort. This is consistent with a
previous study describing the trends in anti-infective drug
use during pregnancy in Québec that showed a decrease of
TMP-SMX use in favour of nitrofurantoin or amoxicillin
during pregnancy. A potential explanation of the decrease of
TMP-SMX prescription during pregnancy in Québec was re-
lated to physicians’ awareness of the potential risk of birth de-
fects associated with the use of folic acid antagonists in early
pregnancy. Therefore, physicians in Québec were more confi-
dent in prescribing nitrofurantoin or amoxicillin instead of
TMP-SMX during pregnancy. The strength of our study

included accurate information on filled prescription, as well
as prospectively and routinely collected data on physician-
based diagnoses or procedures related to SA, which limited
the potential for detection bias. We were able to control
for confounding by the main indication of use of TMP-
SMX by restricting our cohort in pregnancies with a diag-
nosis of UTI during pregnancy. To ensure that TMP-SMX
was prescribed before the occurrence of SA, we conducted
a sensitivity analysis where we restricted our exposure to
pregnant women who receive a prescription of TMP-SMX
between the 1DG and 15 days before the calendar date of
SA (i.e., date of the diagnosis of SA) and the results were
similar to our main analysis. Therefore, we are confident
that a protopathic bias would not fully explain our finding.

To ensure that multicollinearity would not affect our
results, we adjusted only for well-established risk factors and
our results also remain similar to findings obtained from our
main analysis. Therefore, it is less likely that multicollinearity
would influence the conclusions of our study. Also, when
maternal chronic co-morbidities were measured up to the
beginning of pregnancy, our results remained consistent with
findings obtained from the main analysis. Finally, using a
nested case–control design allowed us to select controls from
the same source population as the cases, which limited the
potential for selection bias.

The main limitation of our study includes missing infor-
mation in QPC on potentially important confounders such
as smoking, folic acid and alcohol intake. However, by using
active comparator group such as penicillins, we indirectly
adjusted for lifestyles by design. Therefore, unmeasured
confounding, if present, would not fully explain this finding.

Filled prescription might not have reflected actual intake.
However, De Jong et al. [44] reported that 94% of all drugs
dispensed to pregnant women are actually taken. In addition,
filled prescription in the QPC has been validated against
maternal reports with a high positive and negative predictive

Figure 1
Trimethoprim–sulfamethoxazole and penicillin exposure and the risk of SA (comparator groups: no antibiotic use). Values greater than 1.0 indi-
cate an increased risk of spontaneous abortion
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value for antibiotics exposure (PPV = 86.7% and NPV =
92.3%) [23, 45].

We included only clinically detected SA. Therefore, if the
use of TMP-SMX was associated with an increased risk of SA
that was not clinically detected, our findings would underes-
timate the true risk. However, if no association was found
between the use of TMP-SMX and the risk of SA that was not
clinically detected, any misclassification resulting from the
non-inclusion of undetected SA would be non-differential
and again our estimates should remain conservative.

Given the number of comparisons made in our study, we
cannot rule out chance finding. The number of exposed cases
to TMP-SMX was small, which produced an estimate of the
risk with a wide confidence interval. As such, we could not
completely rule out a bias that might move the estimate away
from the null when the number of the outcome is small [46];
however, our results were consistent with the finding of the
previous Danish study, so we are confident that a bias due to
the small number of exposed SA would not fully explain our
findings.

Finally, our cohort included women of lower socioeco-
nomic status insured by the RAMQ for their medications.
Although this will not affect the validity of our results, it
might alter their generalizability [47].

TMP-SMX exposure during early pregnancy was associ-
ated with an increased risk of SA even after controlling for
protopathic bias and indication bias. Given that this drug is
widely use in HIV patients to prevent opportunistic infec-
tions and malaria, there is an urgent need to identify poten-
tial data sources in Africa for analysis of early pregnancy
exposure to TMP-SMX.
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